Background: Calcium and vitamin D have a potential protective effect against colorectal cancer. Objective: We investigated the association of dietary intake of calcium and vitamin D with the risk of colorectal cancer in a large prospective cohort study of middle-aged Japanese men and women. Design: A total of 74 639 subjects (35 194 men and 39 445 women) who participated in the Japan Public Health Center-based Prospective Study were followed from 1995-1999 to the end of 2004, during which time 761 cases of colorectal cancer (464 men, 297 women) were newly identified. Dietary intake of nutrients was calculated with the use of a 138-item self-administered food-frequency questionnaire. Results: After adjusting for potential confounding factors, the multivariate hazard ratio in the highest quintile of dietary calcium intake compared with the lowest was 0.71 (95% CI: 0.52, 0.98) among men. The association appeared to decrease considerably among subjects in the second quintile without a clear further dose-response relation (P for trend: 0.09). No association was seen among women. No statistically significant association with dietary vitamin D intake was seen in either men or women, although men in the highest dietary intake group of both nutrients had a lower risk than did men in the lowest group. Conclusions: These findings indicate a potential decrease in the risk of colorectal cancer with higher dietary intake of calcium among middle-aged Japanese men, who have a relatively low dietary intake of calcium. Although vitamin D and colorectal cancer risk were not associated, potential effect modification between calcium and vitamin D on the risk of colorectal cancer was indicated.
INTRODUCTION
Dietary calcium and vitamin D are among a number of nutritional factors suggested to be associated with colorectal cancer. The Second Expert Report by the World Cancer Research Fund/ American Institute for Cancer Research (WCRF/AICR) gave the strength of evidence against risk of calcium supplementation at a dose of 1200 mg as a "probable decreased risk," and that of foods providing vitamin D as a "limited-suggestive decreased risk" (1) . Although conclusions from the WCRF/AICR were derived from studies examining calcium supplementation at 1200 mg/d, it remains unclear what amount of calcium is required for a beneficial effect and whether lower amounts attained with dietary calcium alone can also have a protective effect.
Several mechanisms may explain the potentially protective effects of calcium and vitamin D against colorectal cancer, including binding of secondary bile acids and fatty acids, which act as irritants to epithelial cells of the lumen of the colon and rectum, as well as direct effects on cell proliferation, differentiation, apoptosis, and inhibition of angiogenesis (2) (3) (4) (5) . The roles of dietary calcium and vitamin D are closely related because vitamin D regulates the absorption of calcium. New evidence suggests a possible synergistic effect of calcium and vitamin D on the risk of recurrent adenoma (6) .
In addition to dietary sources, vitamin D is synthesized on sun exposure from 7-dehydrocholesterol in the skin. In the Western diet, which includes natural sources of vitamin D, the main contributors of physiologic vitamin D are supplementary intake and sun exposure. In the traditional Japanese diet, in contrast, dietary vitamin D intake is relatively high, with considerable amounts provided in natural sources such as fatty fish and fungi. Nevertheless, overall dietary calcium intake among Japanese is relatively low, at Ȃ550 mg (7), and few persons consume the 1200 mg/d amount suggested in the WCRF/AICR report.
Here, we analyzed data of a large-scale population-based prospective study in Japan to investigate whether an association between these nutrients and colorectal cancer exists in a different exposure range. We also examined whether associations for dietary calcium intake were modified by dietary vitamin D intake, or vice versa. To our knowledge, the association between these nutrients and colorectal cancer among a Japanese population has not been prospectively investigated nor has effect modification between calcium and vitamin D on the risk of colorectal cancer among Asian populations, whose dietary patterns vary markedly from Western diets.
SUBJECTS AND METHODS

Study population
The Japan Public Health Center-based Prospective Study (JPHC Study) is an ongoing population-based cohort study begun in 1990 -1994 to investigate cancer, cardiovascular diseases, and other lifestyle-related diseases in the residents of 11 public health center areas throughout Japan. Details of the study design are provided elsewhere (8) . The study was approved by the Institutional Review Board of the National Cancer Center, Tokyo, Japan.
The subjects of the present study were participants in the JPHC Study who responded to a self-administered 5-y follow-up questionnaire survey in 1995-1999 at age 45-74 y. A total of 47 400 men and 53 538 women responded (response rate: 75%). Subjects in one public health center area that did not collect information on cancer incidence were excluded.
Exposure assessment
The food-frequency questionnaire (FFQ) used in the follow-up survey was designed to estimate dietary intake from 138 food items and was validated for the estimation of various nutrients and food groups (9) . The questionnaire included data on demographics, lifestyle, occupation, height, weight, smoking, alcohol consumption, physical activity, working hours, and stress.
In the FFQ, subjects were questioned on how often they consumed individual food items (frequency of consumption), as well as representative sizes relative to standard portions. Response choices for frequency were never, 1-3 times/mo, 1-2 times/wk, 3-4 times/wk, 5-6 times/wk, 1 time/d, 2-3 times/d, 4 -6 times/d, and ͧ7 times/d, and relative sizes to a standard portion were small (50% smaller than standard), medium (same as standard), and large (50% larger). White rice intake was determined in terms of the relative size of the rice bowl used and the frequency of intake, with the 9 choices of 1 bowl/d to 10 bowls/d. Frequency for miso soup intake was given in the 6 choices of almost never, 1-3 times/mo, 1-2 times/wk, 3-4 times/wk, 5-6 times/ wk, or daily, and amount was given in 9 categories ranging from 1 to 10 bowls/d (10) .
Daily food intake was calculated by multiplying frequency by standard portion and relative size for each food item in the FFQ. Daily intakes of nutrients were calculated with the use of the Fifth Revised and Enlarged Edition of the Standard Tables of Food Composition in Japan (11) . The FFQ included questions on supplement use, but nutrient intake from supplements was not included in the analyses because no comprehensive database for supplements was available. Any influence is assumed to be minimal, however, because usage of calcium supplements was 1% and that for vitamin D was assumed to be lower, given that market availability of these products at the time of the study was poor. The validity of dietary intakes of calcium and vitamin D estimated from the FFQ was evaluated in a subsample of the cohort by comparing the estimated intake according to the FFQ with that in the dietary records (12) . Rank correlations after energy adjustment by the residual method were 0.45-0.68 for calcium and 0.26 -0.38 for vitamin D, depending on population (area and sex). The absolute intake amount with the use of this FFQ is comparable to that estimated from dietary records (Ҁ1% to 8% for calcium, Ҁ15% to 10% for vitamin D) (12, 13) .
Identification of colorectal cancer
Incidence data on colorectal cancer were collected for the JPHC cancer registry through 2 data sources, namely periodic institutional reports from major local hospitals and populationbased cancer registries. When subjects died, information on cancer incidence was supplemented with mortality data, ie, death certificates, from the Ministry of Health, Labor, and Welfare. The proportion of cases with death certificate notification was 5.0% and that for which information was available from death certificate only was 1.9% for colorectal cancer. These ratios were considered satisfactory compared with the international standard (14) . Cases of colorectal cancer were extracted from the JPHC cancer registry according to the site codes of the Third Edition of the International Classification of Diseases for Oncology, namely C180 to C189 for colon cancer, and C199 and C209 for rectal cancer (15) . Cancer outcome was ascertained unless the subject moved out of the study area.
Statistical analysis
Study subjects were followed to 31 December 2004 (mean follow-up period: 7.8 y). Subjects moving to other municipalities were identified annually through residential registries in their public health center area. Person-years of follow-up were determined from the follow-up survey until the date of diagnosis of colorectal cancer, date of death, date of moving out of the study area, or 31 December 2004, whichever occurred first. Subjects lost to follow-up (0.6%) were censored at the last confirmed date of their presence in the study area. Ineligible subjects excluded after the baseline survey included non-Japanese residents, those who had moved away before baseline, those outside the age limits, and subjects registered in duplicate. We also excluded subjects with a self-reported history of cancer in the questionnaires and those diagnosed with cancer between baseline and the follow-up survey. Finally, we excluded subjects who reported energy intake in the upper or lower 2.5% of intake [lower and upper cutoff: 900 and 4200 kcal for men, respectively; 840 and 3700 kcal for women, respectively], and those who submitted incomplete answers on study variables. These exclusions left 35 194 men for analysis, including 464 cases, and 39 445 women, including 297 cases.
Hazard ratios (HRs) and 95% CIs of colorectal cancer for quintiles (based on the sex-specific distribution for analyses) of respective nutrient intake were estimated by the Cox proportional hazards model. The estimates were adjusted for the following confounding factors incorporated into the model: age (continuous); alcohol consumption (nondrinkers, 1-149 g ethanol/wk, 150 -299 g ethanol/wk, 300 -449 g ethanol/wk, ͧ450 g ethanol/wk); smoking (never, past, current); body mass index (in kg/m 2 ; 25, 25-26.9, 27-29.9, ͧ30); physical activity (in METh/d; continuous); colorectal cancer screening; menopausal status (women only); energy-adjusted dietary intake of red meat, vegetables, fruit, folate, vitamin B-6, and vitamin B-12 (quintile); supplement use; and study area (10 public health center locales). Most of these factors were reported to be predictors of colorectal cancer in this population (16 -20) , and menopausal status as well as dietary intake of red meat, fruit, and vegetables were included in the model because they were potential risk factors for colorectal cancer and were associated with the intake of dietary calcium and vitamin D. On entry of covariates into the statistical model, dietary intakes were adjusted for total energy intake with the use of the residual method (21) . Linear trends for HR were tested by a 2-sided test with 0.05 as the significance level, with the use of the energy-adjusted intake (continuous value). Proportional hazard assumption was assessed with the use of the ASSESS statement of PHREG procedure of SAS software (version 9.1; SAS Institute Inc, Cary, NC). We also estimated HRs in DIETARY CALCIUM, VITAMIN D, AND COLORECTAL CANCER colorectal cancer subsites (proximal colon, distal colon, and rectal cancer) and groups based on a combination of tertiles of calcium and vitamin D intakes. All statistical analyses were conducted with the use of SAS software (version 9.1; SAS Institute Inc, Cary, NC).
RESULTS
Basic characteristics of the subjects and their selected nutrient and food intakes by quintiles of energy-adjusted dietary intakes of calcium and vitamin D are presented in Table 1 . Men and women with higher intakes of dietary calcium and vitamin D were slightly older. They consumed more vegetables and folate but less alcohol and red meat. Men and women with higher intakes of dietary calcium were less likely to be smokers (men, 36.6% in highest quintile compared with 54.2% in lowest quintile; women, 3.9% compared with 7.3%), more likely to use vitamin supplements (men, 12.2% compared with 6.2%; women, 9.5% compared with 8.4%), and consumed more fruit (men, 223 Analysis showed a statistically significant inverse association between dietary calcium intake and colorectal cancer on adjustment for age and area among men ( Table 2 ). The age-and area-adjusted HR in the highest quintile (ͧ661 mg) compared with the lowest (337 mg) was 0.66 (95% CI: 0.50, 0.89) with a statistically significant inverse trend (P for trend: 0.02) among men. The decreasing trend was slightly attenuated on multivariate adjustment (P for trend: 0.09), although the association in the highest quintile was statistically significant (0.71; 95% CI:0.52, 0.98). However, the association appeared to decrease considerably among subjects in the second quintile, rather than showing a linear decreasing dose-response trend. No association was observed for women.
The inverse association among men was clearer in an analysis that used specific cutoffs with relatively lower intake as a reference (Figure 1) . Compared with the lowest intake (300 mg), HR (95%CI) for the highest intake group (700 mg) was 0.63 (95%CI: 0.44, 0.90; P for trend: 0.045) among men. No association was again observed for women. The association of dietary calcium and vitamin D did not change substantially after the first 2 y of the follow-up period were excluded. The association also did not change after excluding dietary supplement users to avoid potential misclassification by nutrient intake from dietary supplements.
The association between intake and colorectal cancer subsites among men is shown in Table 3 . For dietary calcium, a marginal inverse association was observed for distal colon cancer, although without a statistically significant trend. No association was observed between vitamin D and cancer subsites. Further, no association was observed on analysis of data among women (data not shown).
We also examined whether the associations for dietary calcium intake were modified by dietary vitamin D intake or vice versa among men ( Table 4) . Compared with the men in the lowest tertiles of both calcium and vitamin D, men in high tertiles of both (2 highest of vitamin D and highest of calcium) had an Ȃ40% lower risk of colorectal cancer. No clear association was seen among women (data not shown).
DISCUSSION
We examined the association between dietary intake of calcium and vitamin D and the risk of colorectal cancer in a prospective study with a large number of participants and comprehensive exposure and outcome data. Results showed a The association of calcium intake with colorectal cancer has been widely studied. Among a number of prospective studies, many found an inverse association with total intake, ie, dietary plus supplementary (22) (23) (24) (25) . Others found a suggestive inverse association without statistical significance because of insufficient statistical power and a relatively high calcium intake in the reference (lowest) groups of ͧ500 mg (26 -28) . However, associations with dietary intake, ie, intake from food and drinks, were insignificant in most studies, primarily because of the small range of dietary calcium intake. In a pooled analysis of 10 cohort studies in North America and Europe, which included 534 536 participants and 4992 colorectal cases, both dietary and total intake were inversely associated with colorectal cancer (29) . Another study that observed an inverse association between dietary intake and colorectal cancer had a lower intake in the lowest group (412 mg) than did other studies (30) . In a pooled analysis of the Nurses' Health Study and Health Professionals Follow-up Study, an inverse association was observed for total intake and distal colon cancer (31), although results published several years earlier from each of the studies alone were null because of the small number of cases (32, 33) . In the only randomized intervention trial to investigate the effect of calcium and vitamin D supplementation on colorectal cancer (34, 35) , the Women's Health Initiative, daily supplementation with 1000 mg of elemental calcium plus vitamin D 3 had no effect on incidence among postmenopausal women (34) . It was noted that these results may have been explained by the high baseline intake (x intake: 1151 mg/d) in participants, which was beyond the threshold amount of the preventive effect by calcium and that, therefore, the association seen in previous observational studies was not observed (36) . Results from several randomized intervention trials, including a meta-analysis of 3, suggested that calcium supplementation is effective in preventing adenoma recurrence (6, (37) (38) (39) , possibly indicating that supplementation is effective at an earlier stage of the disease.
For vitamin D intake, several prospective studies have reported an inverse association, but only for the total intake (22, 23, 32, 33, 40) . Median intake in the highest groups in those studies ranged from 400 to 600 IU, compared with 200 IU in the one study with a null association (28) . Blood concentrations of 25-hydroxyvitamin D and risk of colorectal cancer were inversely associated with colorectal cancer mortality (41) and incidence (42) for concentrations of ͧ80 nmol/L. A previous nested casecontrol study in our population found an inverse association between rectal cancer and plasma 25-hydroxyvitamin D concentration at the same value as in previous studies (43) . One limitation of the Women's Health Initiative mentioned earlier was that supplementation with 400 IU vitamin D is too low to confer a protective effect against cancer (34) .
Diet in our study participants was characterized by a low intake of dietary calcium and relatively high intake of dietary vitamin D from fatty fish and was thus representative of the Japanese diet. Mean dietary intake of calcium ranged from Ȃ300 mg in the lowest group to 900 mg in the highest group, which is relatively low compared with that in Western countries. Results from our analysis suggested a potential benefit of dietary calcium on reducing colorectal cancer risk even at low intake amounts. However, the apparent association might be confounded by alcohol even after adjustment because the influence of alcohol intake on colorectal cancer is strong, particularly among Japanese men (44) and because those in the lowest quintile of dietary calcium consumed a higher amount of alcohol than did other groups. Analyses showed that the attenuation of risk occurred most drastically with adjustment for alcohol, which might suggest possible residual confounding by alcohol. An inverse association was especially strong when the low intake group (300 mg) was used for reference, indicating that lower concentrations of calcium attained with dietary calcium alone may also have a beneficial effect on protecting against colorectal cancer. This may be another reason why we did not observe any association among women, who had higher dietary intake in the reference group, in addition to an insufficient number of cases.
In stark contrast to the situation with dietary calcium, dietary intake of vitamin D intake in our population was almost at the value obtained with supplementation in Western populations, with a median in the highest quintile of Ȃ20 g (800 IU). Our results showed no statistically significant association between colorectal cancer and dietary vitamin D. This finding might indicate that even this intake may be still too low to reduce overall colorectal cancer risk in this population. After reviewing 14 studies on vitamin D and colorectal cancer, Gorham et al (45) estimated that, in general, vitamin D intake of 1000 IU/d or blood serum concentrations of 33 ng/mL may be associated with an Ȃ50% decreased risk of colorectal cancer. Nevertheless, this finding may have been confounded by endogenous vitamin D production in the skin with sun exposure. In this regard, an ecologic study in Japan found an inverse correlation between solar exposure at the prefectural amount and colorectal cancer mortality (46) . Although regional adjustment might surrogate for exposure to some degree, information at the individual level is probably necessary. In a nested case-control study among our study participants, no association was seen between blood concentrations of vitamin D and dietary intake, although participants with higher blood concentrations had a lower risk of rectal cancer (43) .
One advantage of our population is that, because the dietary sources were different, with dietary calcium from dairy and soy products (percentage of contribution: 22% and 15%, respectively) and dietary vitamin D from fish (percentage contribution: Ȃ80%), associations with risk could be examined independently. This contrasts with Western populations, in whom dairy products are the main source for both. The association for these food intakes tended to be similar, but not as clear as the association for nutrient intake. A previous study found no association between fish and colorectal cancer in our population (47) . We found slight effect modification by those 2 nutrients among men.
This study has several limitations. Participants with a high intake of dietary calcium and vitamin D may have been at lower risk of colorectal cancer as a result of other health habits and behaviors. The likelihood of this was reduced, however, by multivariable adjustment for potential confounding variables of colorectal cancer risk factors. A second limitation was the unavoidability of measurement errors in the assessment of nutrient intake. Here, measurement error in the FFQ may have resulted in the misclassification of individual intake. Statistically, however, such random measurement errors tend to result in null rather than spurious associations. An additional weakness is our single measurement of dietary exposure, because this may not have captured the relevant causative period, which is unknown. With our FFQ, we assessed dietary intake in the past 1 y to capture habitual intake rather than the diet over a short period.
In conclusion, we found a decreased risk of colorectal cancer with higher intake of dietary calcium among middle-aged Japanese men at a relatively low dietary calcium intake. No association with dietary vitamin D intake was seen, although potential effect modification between calcium and vitamin D was observed.
